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Microtubule Dynamics: Faint Speckle,
Hidden Dragon
Kenneth E. Sawin
The results of recent experiments in budding and
fission yeast show that there is a diversity of
mechanisms for targeting proteins to the plus ends
of microtubules in eukaryotic cells.
One of the more interesting things to come out of
research on the eukaryotic cytoskeleton in the last few
years has been the identification of proteins specifi-
cally associated with the ‘plus’ ends of growing
microtubules in vivo. These are often referred to as
‘+TIPS’ [1,2], the archetype of which is the mammalian
protein CLIP-170, which has multiple functions and
binding partners [3–6]. To oversimplify a complex
situation, at least one role of CLIP-170 is to stabilize
microtubule dynamics in specific subcellular contexts,
and this function is intimately linked to its localization.
Recent studies show, however, that the mechanisms
governing CLIP-170 localization are different between
yeasts and mammalian cells.
In mammalian cells, there is good evidence that
continued targeting of CLIP-170 to growing
microtubule plus ends is sustained by a ‘treadmilling’
mechanism [7] (Figure 1). According to this view, CLIP
proteins become associated with plus ends either
simultaneously with, or just after, addition of new
tubulin subunits, either by recognizing a specific
transient tubulin conformation at growing ends or by
associating with αβ tubulin heterodimers as they
assemble into microtubules. Subsequently, CLIP
proteins dissociate from microtubules as a result of
either post-translational modifications or intrinsic
timing mechanisms that are sensitive to protein
conformation. As a result, growing microtubule plus-
ends in mammalian cells are decorated with an
exponentially decaying ‘comet tail’ of CLIP-170, up to
2–3 µm in length, depending on the rate of CLIP
dissociation relative to that of tubulin addition [7].
In budding and fission yeast, the CLIP-170
homologs Bik1p and tip1p, respectively, also localize
to growing microtubule plus ends in vivo, but they
appear as discrete spots rather than comet tails [8,9].
Another way to get proteins to microtubule ends —
other than treadmilling — would be to employ plus-
end-directed microtubule motors, such as kinesins,
and these have been postulated in various contexts to
contribute to the localization of +TIPs [1,2]. In particu-
lar, mutations in the kinesin-like proteins Kip2p and
tea2p — in budding and fission yeast, respectively —
lead to defects in microtubule dynamics not unlike
those seen in bik1 and tip1 mutants [9–13], suggesting
that these motors might be responsible at least in part
for targeting Bik1p and tip1p to microtubule ends.
New evidence from the Pellman [14] and Brunner [15]
labs, working in budding and fission yeast,
respectively, has now brought such a motor-based
alternative to treadmilling to the forefront.
When fused to GFP, both Bik1p and tip1p can be
seen to move inside cells in the form of bright
particles at microtubule ends, at the same rate as
microtubule polymerization. Improvements in imaging
made in both labs [14,15] have revealed that, in
addition to these bright particles, there are also more
faint microtubule-associated ‘speckles’ that move
towards plus ends at a range of speeds considerably
faster than rates of microtubule growth, potentially
implicating microtubule motors in the process.
Interestingly, in both yeasts, similarly fast-moving faint
speckles are also observed with GFP-fusions to the
Kip2p and tea2p kinesins themselves, and in double-
label experiments using CFP- and YFP-fusions, the
faint speckles of Bik1p and Kip2p colocalize in
budding yeast, as do tip1p and tea2p in fission yeast. 
Because BIK1, KIP2, tip1+ and tea2+ are non-
essential genes, it's also possible to assay what
happens to the CLIP in the absence of the kinesin (and
vice-versa), although such analyses are complicated
significantly by the fact that microtubules themselves
are altered in the mutants, which makes following faint
speckle movement along microtubules all the more
challenging. In budding yeast, loss of Kip2p leads to a
severe drop in the association of Bik1p with micro-
tubule plus ends, while rapid induction of Kip2p over-
expression leads to a quick hyperaccumulation of
Bik1p at microtubule plus ends and Bik1p-dependent
microtubule stabilization. In fission yeast, no fast
speckle movement of tip1p is observed in tea2∆ cells,
and the few faint tip1p spots that remain, mostly on
microtubule ends, move at slower rates comparable
with microtubule growth. Furthermore, in fission yeast
tea2 ‘rigor’ mutants, in which the mutant tea2p kinesin
is unable to bind or hydrolyze ATP [16], microtubule-
associated tip1p is completely immobile.
There results, in conjunction with studies of
protein–protein interactions by co-immunoprecipitation
or two-hybrid assays, strongly point to the Kip2p and
tea2p kinesins as providing a driving force for the move-
ments of CLIP speckles along microtubules and local-
ization to microtubule plus ends in the yeasts. At the
same time, however, these in vivo studies also highlight
the fact that there is still much complexity that needs
illumination. For example, in fission yeast, cytoplasmic
microtubules are thought to be nucleated from disperse
sites in the cell middle [17] and organized in overlapping
bundles of perhaps two to four microtubules, and in
many cases one is never completely certain about the
presumed orientation of microtubules in a given bundle.
So extending these results using more purified in vitro
systems would be an additional step forward. 
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More generally, in vitro systems would also help to
reduce the complexity inherent in the physiological
analysis of gene-deletion strains. Because proteins
often have multiple functions and binding partners,
the phenotypes and behaviors observed in deletion
strains can reflect a combination of direct and indirect
effects. One prominent example of this is that steady-
state levels of tea2p protein in fission yeast are
sharply reduced in a tip1∆ strain — although this can
be compensated for by increasing tea2p expression
[15] — but other effects may not be so obvious. In this
light, it would be particularly interesting to see the
effects of small point mutations that disrupt the
interaction between the CLIP and the kinesin but
otherwise leave both proteins intact, and also to see
the effects of mutating the kinesin motor to make it
move at a slower rate [18].
Given these results, should we consider the targeting
mechanism for yeast CLIPs to be fundamentally differ-
ent from that of mammalian CLIP-170? I think the jury is
still out. For example, a motor-driven mechanism could
be an ‘add-on’ strategy to supplement an existing
treadmilling mechanism in yeast, but one with fast rates
of CLIP dissociation that result in only a miniscule
comet-tail. Evidence from both yeasts suggests that
motor-independent mechanisms can target a very
small amount of CLIPs to microtubule plus ends,
although it is insufficient for stabilizing microtubules. If
this occurs by direct plus-end binding, there might be
ways to alter CLIP dissociation rates by mutation and
thus produce the canonical comet-tail. In budding
yeast, classical treadmilling seems unlikely, as Bik1p
can remain associated with both stable and even
shrinking microtubule plus ends [14]. 
Even if yeast CLIPs do not exhibit mammalian-style
treadmilling, the fluorescence photobleaching
experiments of both Pellman [14] and Brunner [15] labs
indicate that turnover of CLIPs at microtubule plus ends
is rapid, on the scale of 7–15 seconds, so an exclusively
‘motor-driven’ model must provide enough faint speck-
les per second to continuously regenerate the bright
particle of plus end-associated CLIPs. If further quanti-
tative analyses of throughput and turnover indicate that
this is unlikely, it may be possible that, while some CLIP
is transported along microtubules by a kinesin, a more
significant amount may normally bind to and exchange
with plus ends directly from cytoplasmic pools. In this
case, the demonstrated requirement for Kip2p or tea2p
in vivo might be primarily for the transport or localiza-
tion of other factors needed to promote this more direct
association of CLIP with microtubule plus ends. At the
same time, should we be looking for motor-driven
mechanisms for CLIP-170 localization in mammalian
cells? Among the many kinesin-related proteins in
mammals, there is no obvious ortholog in the
Kip1p/tea2p class — the most closely related motor
domain is that of the likely unrelated mitotic centromere
kinesin CENP-E [19] — so this remains to be seen.
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Figure 1. Models for the localization of microtubule plus end-
associated proteins (+TIPs). 
(A) Treadmilling model for CLIP-170 localization in mammalian
cells. Tubulin (open squares) and CLIP-170 (green dots) from
cytoplasmic pools either coassemble or independently associ-
ate with growing microtubule ends, and CLIP-170 subsequently
dissociates, producing a continuous comet-tail on a growing
microtubule as it elongates. Two different time-points are
shown. (B) Motor-driven model for Bik1p in budding yeast and
Tip1p in fission yeast. CLIP proteins (green dots) associate with
kinesins (red feet) and move towards plus ends, where they
accumulate by additional anchoring mechanisms at plus ends
(anchors). The nature of such anchors is still being worked out
but may involve members of the EB1 family (see [14–16]).
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